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Description 

Premix burner and method for burning a low-calorie combustion 
gas 

5 

The invention relates to a premix burner for burning a low- 
calorie combustion gas, in particular a synthesis gas. The 
invention also relates to a method for burning a low-calorie 
combustion gas. 

10 

A burner for gaseous fuels, as used in particular in a gas 
turbine installation, is known from example from DE 42 12 810 
Al . According to this, combustion air is fed through an annular 
air duct system and fuel is fed through a further annular duct 
15 system for combustion. A high-calorie fuel (natural gas or fuel 
oil) is thereby injected from the fuel duct into the air duct, 
either directly or from helical blades configured as hollow 
blades . 

20 The most homogenous mixture possible of fuel and air should 

therefore be obtained, in order to achieve combustion with low 
levels of nitrogen oxide. For environmental protection reasons 
and because of corresponding legal provisions governing 
pollutant emissions, the lowest possible level of nitrogen 

25 oxide production is an important combustion requirement, in 

particular for combustion in the gas turbine installation of a 
power plant. The formation of nitrogen oxides increases 
exponentially with flame temperature during combustion. If the 
fuel /air mixture is non-homogenous, a certain distribution of 

30 flame temperatures results in the combustion area. The maximum 
temperatures of such a distribution then determine the quantity 
of nitrogen oxides formed according to the cited relationship 
between nitrogen oxide formation and flame temperature. 
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Combustion of a homogenous fuel/air mixture thus achieves a 
lower nitrogen oxide emission for the same mean flame 
temperature than combustion of a non-homogenous mixture. The 
burner design in the publication cited above achieves a 
5 spatially good air /fuel mixture. 

Compared with the conventional gas turbine fuels, natural gas 
and crude oil, which essentially comprise hydrocarbon 
compounds, the combustible components of synthesis gas are 

10 essentially carbon monoxide and hydrogen. For the optional 
operation of a gas turbine with synthesis gas from a 
gasification facility and a secondary or substitute fuel, the 
burner in the combustion chamber assigned to the gas turbine 
must be designed as a twin or multi-fuel burner, which can be 

15 fed both the synthesis gas and the secondary fuel, e.g. natural 
gas or fuel oil as required. The respective fuel is hereby fed 
to the combustion zone via a fuel passage in the burner. 

Depending on the gasification method and the overall 
20 installation design, the calorific value of the synthesis gas 
is. around five to ten times less than the calorific value of 
natural gas. The main components in addition to CO and H 2 are 
inert elements such as nitrogen and/or steam and in some 
instances also carbon dioxide. Its low calorific value means 
25 that large flow volumes of combustion gas have to be fed 

through the burner to the combustion chamber. This means that 
one or more separate fuel passages have to be provided for the 
combustion of low-calorie fuels, such as synthesis gas. Such a 
multi-passage burner, which is also suitable for synthesis gas 
30 operation, is disclosed for example in EP 1 227 920 Al . 

As well as the stoichiometric combustion temperature of the 
synthesis gas, the quality of the synthesis gas/air mixture in 
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front of the flame is an important factor influencing the • 
prevention of temperature peaks and thus impacting on the 
minimization of thermal nitrogen oxide formation. 

As far as the increasingly stringent requirements relating to 
nitrogen oxide emissions are concerned, premix combustion is of 
increasing significance even for the combustion of low-calorie 
gases . 

The object of the invention is therefore to specify a premix 
burner for burning a low-calorie combustion gas. A further 
object of the invention is to specify a method for burning a 
low-calorie combustion gas. 

The first object is achieved according to the invention by a 
premix burner for burning a low-calorie combustion gas, with a 
premix air duct extending along a burner axis, via which 
combustion air can be supplied, and with a helical device 
disposed in the premix air duct, with a injection device for 
the low-calorie combustion gas disposed downstream from the 
helical device in the flow direction of the combustion air. 

The invention is based on the consideration that the 
fuel /combustion air mixture is of particular importance in 
25 respect of ensuring low-pollutant operation. Temperature peaks 
can only be prevented with the most homogenous mixture 
possible. As large flow volumes of combustion gas are required 
with low-calorie combustion gases and have to be mixed with 
combustion air, the solution to the task of mixing has 
30 presented technical experts with particular challenges with 
regard to the structural design of such burners. 
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With the inventive synthesis gas premix burner, a burner design 
is first proposed, which makes the pollutant emission-related 
advantages of premix operation also applicable when low-calorie 
synthesis gases are used as the fuel. Undiluted or partially 
5 diluted low-calorie combustion gas is fed into the already 

swirling mass flow through the injection device downstream from 
the helical device. Largely homogenous mixing of the synthesis 
gas and the swirling air mass flow therefore results in the 
spatial area downstream from the helical device. Combustion of 

10 the premixed combustion gas/air mixture takes place downstream 
from the burner at a temperature corresponding to the premixed 
air ratio. To stabilize the low-calorie premix flame - 
particularly in the part load range - a small partial mass flow 
of the low-calorie combustion gas can be separated off 

15 beforehand and supplied in the combustion chamber via a back-up 
flame operated in diffusion mode, e.g. around 5% to 20% of the 
total flow volume of combustion gas. 

This structure with the injection device downstream from the 
20 helical device allows sufficiently large flow volumes of low- 
calorie combustion gas to be mixed with the combustion air, 
allowing extremely good mixing results to be achieved. This has 
a particularly advantageous impact on the pollutant levels of 
the premix burner. 

25 

It is also advantageous that the proven premix combustion 
design for high-calorie fuels, such as natural gas or oil, can 
be adopted without modification, with the result that lengthy 
optimization processes and/or structural changes are not 
30 required. In other words it is possible to extend a 

conventional combustion system, which is designed for high- 
calorie fuels, by means of an additional fuel passage for low- 
calorie combustion gases using the injection device linked for 
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flow purposes to the air duct, without the structural 
conversion having a disadvantageous influence on the existing 
conventional combustion system, e.g. in respect of any pressure 
losses that might occur. 

5 

The premix burner can thus be operated both with the synthesis 
gas, which is produced for example from coal, industrial 
residues or waste, and with a secondary fuel, such as natural 
gas or oil. In the case of synthesis gas premix operation, the 

10 low-calorie fuel is injected into the premix air duct solely 
via the injection device downstream from the helical device, 
with the swirling combustion air ensuring a particularly 
homogenous mixture. This design also means that structural 
measures, which are associated with additional components, are 

15 not required, such that the swirling air mass flow in 

particular is not impeded by any incorporated components. 

The premix burner effects combustion according to the air ratio 
setting at significantly lower temperatures, which ultimately 
20 results in minimization of .thermal nitrogen oxide formation 
during combustion of the low-calorie combustion gas. 

In a particularly advantageous embodiment the injection device 
has a number of inlet openings for combustion gas, which open 
25 into the premix air duct. 

In a preferred embodiment, the inlet openings for the low- 
calorie combustion gas are formed such that the formation of 
wake regions in the premix air duct is prevented. When a gas 
30 flows in at very high speed, as is the case after an injection 
device, a wake region with significantly higher turbulence can 
result behind the inlet openings. The turbulent wake region can 
result in the formation of backflow and recirculation, which in 
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turn can cause flashback. The non-stationary nature of the wake 
can also cause the flow to be canceled. To ensure reliable 
premix operation, the form of the inlet openings should be 
selected such that these negative effects are prevented. 

5 

In a particularly advantageous embodiment, the inlet openings 
for the combustion gas have a cross-section, the cross-section 
having a longitudinal extension and a transverse extension, the 
longitudinal extension being greater than the transverse 
10 extension. An almost circular opening is in principle also 

possible. It has however proven that an elliptic form of the 
injection openings counteracts the problem of wake regions 
particularly effectively, thereby ensuring reliable operation 
of the premix burner. 

15 

The longitudinal extension is preferably 3 to 10 times the 
transverse extension. If the longitudinal extension is less 
than 3 times the transverse extension, the configuration 
resembles a circular inlet opening, which could favor the 
20 formation of a wake region. On the other hand a longitudinal 
extension that is more than 10 times the transverse extension 
is not essential and should be avoided for spatial reasons . 

The cross-section of the inlet openings preferably has the form 
25 of a slot or a rectangle with rounded corners or a teardrop. 
These forms, with which one side can be longer than the 
transverse side, have proven particularly suitable for 
faultless operation of the premix burner. It is also 
advantageous, if there are no sharp edges in the cross-section 
30 of the inlet opening. In regions where the angle is less than 
90°, dead zones frequently occur in the flow. These edges are 
preferably rounded (beveled) . 
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In a particularly preferred embodiment, the longitudinal axis 
defined by the longitudinal extension is essentially parallel 
to the flow direction of the combustion air. The narrower side 
of the inlet opening is then perpendicular to the swirling air 
5 mass flow, thereby significantly reducing the resistance 

produced by the low-calorie combustion gas in the path of the 
combustion air. The combustion gas flowing out also presents no 
significant obstacle to the combustion air but the combustion 
air and combustion gas simply mix gradually " and thoroughly over 

10 the longitudinal extension of the inlet opening. As a result 
there is no vorticity in the boundary layer between the 
combustion air and the low-calorie combustion gas and wake 
formation is thereby prevented. Particularly efficient and 
homogenous mixing of the combustion air and combustion gas is 

15 also achieved. 

In a preferred embodiment, the flow direction of the combustion 
air is at an angle to the burner axis, said angle being between 
0° and 90°. 

20 

The injection device preferably has a gas distribution ring, 
which encloses the premix air duct in a radially outward 
manner. The premix air duct is thereby preferably configured as 
an annular duct, having an outer duct wall, which is punctuated 

25 by a number of inlet openings, e.g. holes, which are connected 
for flow purposes to the gas distribution ring. This ensures 
the injection of low-calorie combustion gas into the swirling 
combustion air over the entire periphery of the annular duct. 
The diameter of the holes, the number of holes and their 

30 distribution on the outer duct wall should be designed 

according to the requirements for the flow volume of low- 
calorie combustion gas. A corresponding structural design of 
the injection device allows a sufficiently large flow volume of 
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combustion gas to be injected, thereby ensuring stable 
synthesis gas premix operation. 

In a preferred embodiment, the outer duct wall tapers in a cone 
5 shape in the flow direction of the combustion air. The fact 
that the low-calorie combustion gas is injected through the 
inlet openings in the outer cone means that there is no need 
for any additional components for the injection device, which 
might have a negative impact on the air flow, such that 
10 operation is also possible with conventional fuels (natural gas 
or fuel oil) as required without restriction. 

In a particularly preferred embodiment the premix burner is 
used in a combustion chamber, for example. an annular combustion 
15 chamber. Such a combustion chamber is advantageously configured 
as a combustion chamber of a gas turbine, for example as an 
annular combustion chamber of a stationary gas turbine. 

The method-related object is achieved according to the 
20 invention by a method for burning a low-calorie combustion gas, 
with which combustion air is swirled, low-calorie combustion 
gas is injected into the swirling combustion air and mixed with 
it and the mixture is burned. 

25 This method allows a particularly homogenous combustion mixture 
to be achieved, it being possible to mix large flow volumes of 
low-calorie combustion gas with the combustion air. 

Undiluted or partially diluted low-calorie combustion gas is 
30 hereby advantageously injected into the swirling combustion 
air. 
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With this method the low-calorie combustion gas is preferably- 
injected such that the formation of wake regions in the premix 
air duct is prevented. 

5 The method counteracts the formation of wake regions in the 

premix air duct in a particularly effective manner, if the low- 
calorie combustion gas is preferably injected through inlet 
openings and these inlet openings have a cross-section, the 
cross-section having a longitudinal extension and a transverse 
10 extension, the longitudinal extension being greater than the 
transverse extension. 

With this method the longitudinal axis defined by the 
longitudinal extension is preferably essentially parallel to 
15 the flow direction of the combustion air, such that low-calorie 
combustion gas is injected parallel to the flow direction of 
the combustion air. 

It is particularly advantageous if the low-calorie combustion 
20 gas used is a gasified fossil fuel, in particular gasified 

coal. The method is preferably implemented during operation of 
a gas turbine burner, with a synthesis gas, which represents a 
low-calorie fuel, being burned during premix operation. 

25 Some exemplary embodiments of the invention are described in 
more detail in the drawing, in which: 

FIG 1 shows a longitudinal section through a premix burner 

as claimed in the invention 

30 

FIG 2 shows a possible design for the inlet openings shown' 

in FIG 1 
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FIG 3 shows a schematic top view of an improved embodiment 

of the inlet openings 

FIG 4 shows a longitudinal' section of an inlet opening 

5 shown in FIG 3 

FIG 5 shows a top view of a slot 

FIG 6 shows a top view of a rectangle with rounded edges 

10 

FIG 7 shows a top view of a teardrop. 

FIG 1 shows a premix burner 1, with approximate rotational 
symmetry in respect of a burner axis 12 . A pilot burner 9 

15 oriented along the burner axis 12 with a fuel supply duct 8 and 
an annular air supply duct 7 enclosing this in a concentric 5 
manner is enclosed concentrically by an annular fuel duct 3 . 
This annular fuel duct 3 is partially enclosed in a concentric 
manner by a premix air duct 2 . The premix air duct 2 is 

20 configured as an annular duct 14, having an outer duct wall 15. 
Incorporated in this premix air duct 2 - shown schematically - 
is an overlapping ring of helical blades 5, forming a helical 
device. At least one of these helical blades 5 is configured as 
a hollow blade 5a. It has an inlet 6, formed by a number of 

25 small openings, for the supply of fuel. The hollow blade 5a is 
thereby designed for the supply of high-calorie fuel 11, e.g. 
natural gas or fuel oil. The annular fuel duct 3 opens into 
this hollow blade 5a. 

30 The premix burner 1 can be operated via the pilot burner 9 as a 
diffusion burner. However it is generally used as a premix 
burner, i.e. fuel and air are first mixed and then supplied for 
combustion. The pilot burner 9 thereby serves to maintain a 
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pilot flame, which stabilizes combustion during premix burner 
operation if the fuel/air ratio varies. 

During the combustion of high-calorie fuel 11, i.e. natural gas 
5 or fuel oil for example, combustion air 10 and the high-calorie 
fuel 11 are mixed in the premix air duct 2 and then supplied 
for combustion. In the exemplary embodiment shown the high- 
calorie fuel 11 is thereby routed from the annular fuel duct 3 
into a hollow blade 5a of the overlapping ring of helical 
10 blades 5 and introduced from there via the inlet 6 into the 
combustion air 10 in the premix air duct 2 . 

With the inventive premix burner 1, combustion of a low-calorie 
combustion gas SG, for example a synthesis gas from a coal 

15 gasification process, is also optionally possible. To this end 
an injection device 13 for the low-calorie combustion gas SG is 
provided downstream from the helical device 5 in the flow 
direction of the combustion air 10. The injection device 13 
comprises a number of inlet openings 16 for the combustion gas 

20 SG. The inlet openings 16 open into the premix air duct 2. The 
injection device 13 has a gas distribution ring 17, which 
encloses the premix air duct 2 in a radially outward manner. 
This means that low-calorie combustion gas SG can be injected 
into the premix air duct 2 configured as 'an annular duct 14 

25 around the entire periphery downstream from the helical device 
5 into the distributed combustion air flow 10. The outer duct 
wall 15 of the annular duct 14 is hereby punctuated with a 
number of inlet openings 16, e.g. holes, which are connected 
for flow purposes to the gas distribution ring 17. In this 

30 manner the gas distribution ring 17 also ensures a distributor 
function, such that low-calorie combustion gas SG can be 
supplied at the required pressure and flow volume and can be 
mixed in with the swirling combustion air 10 through the number 
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of inlet openings 16 in the outer duct wall 15. This 
• advantageously achieves a homogenous and regular mixing of 
combustion air 10 and low-calorie combustion gas SG. 
Corresponding structural design and dimensioning for flow 
5 purposes ensure that a sufficiently large flow volume of 

combustion gas SG can be supplied by means of the injection 
device 13 or the gas distribution ring 17 for synthesis gas 
premix operation. In an alternative embodiment or as an 
optional addition to the gas distribution ring 17, which is 

10 disposed in a radially outward manner - not shown in more 

detail here in FIG 1 - the gas distribution ring 17 can also 
bound the premix air duct 2 in a. radially inward manner, such 
that synthesis gas SG can be injected. The outer duct wall 15 
tapers in the flow direction of the combustion air 10. The 

15 premix burner 1 for burning a low-calorie combustion gas SG can 
be used in a combustion chamber of a gas turbine, for example 
an annular combustion chamber of a stationary gas turbine. 

With the inventive premix burner 1 optional operation with a 
20 synthesis gas from a gasification facility or with a secondary 
or substitute fuel is possible, as the premix burner 1 is 
designed as a twin or multi-fuel burner, which can be fed both 
low-calorie combustion gas SG and high-calorie fuel 11, e.g. 
natural gas or fuel oil. 

25 

During operation of the premix burner 1 with low-calorie 
combustion gas SG, the combustion air 10 is swirled and the 
low-calorie combustion gas SG is injected into the swirling 
combustion air 10 and mixed with it. This mixture is then 
30 burned. Partially diluted low-calorie combustion gas SG can 
also be injected into the swirling combustion air 10 in this 
process. It is advantageous for the low-calorie combustion gas 
SG used to be a gasified fossil fuel, in particular gasified 
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coal from a gasification facility. A synthesis gas operation 
can be implemented in a particularly advantageous manner in a 
gas turbine with the premix burner 1. 

5 The essential advantage of the inventive premix burner 1 and 
the method described for burning a low-calorie fuel SG is that 
the proven premix combustion concept for natural gas and oil 
(high-calorie fuels) can be adopted without modification. This 
means that lengthy structural burner optimization operations 

10 and/or structural modifications are advantageously not 

required. The premix burner 1 is only extended to include an 
additional fuel passage for low-calorie combustion gases SG, 
without the structural conversion having a significant impact 
on the conventional operation of the combustion system with 

15 high-calorie fuels. The proposed structure allows particularly 
favorable mixing characteristics of the low-calorie combustion 
gas SG with the combustion air 10, allowing a sufficiently 
large throughput (flow volume) of synthesis gas SG to be 
supplied for the combustion process. 

20 

FIG 2 shows a schematic top view of the inlet openings 16. FIG 
2 thereby shows in detail a possible structural design for the 
inlet openings 16 shown in FIG 1. The inlet openings 16 in this 
exemplary embodiment have holes 16a with a circular cross- 

25 section 18 in the outer duct wall 15, which open into the 
premix air duct 2 . The low-calorie combustion gas SG is 
injected into the premix air duct 2 and changes its direction 
there due to the powerful air mass flow 10 and is transported 
away by the air, with which it mixes intensively, to take part 

30 in the combustion process. The circular form of the cross- 
section 18 causes wake regions 19 to form downstream as the 
low-calorie combustion gas SG flows out of the holes 16a. The 
significant turbulence in the wake regions 19 causes backflow 
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20, running counter to the flow direction 21 of the combustion 
air 10 , thereby increasing the risk of flashback significantly. 
There is therefore still scope to improve on the circular inlet 
openings 16a . 

5 

FIG 3 shows a schematic top view of an improved embodiment of 
the inlet openings 16. Instead of holes 16a with a circular 
cross-section 18, the inlet openings 16 are now configured as 
slots 16b. This structure prevents the development of wake 

10 regions 19 within the premix burner 1, at the same time ■ 
allowing the low-calorie combustion gas SG to penetrate 
sufficiently deeply. The slots 16b have a longitudinal 
extension Li and a transverse extension L 2 (see discussion 
relating to FIG 5 to FIG 7) . The longitudinal extension Li is 

15 generally around 3 to 10 times the transverse extension. In the 
diagram in FIG 3 the longitudinal extension Li is roughly 6 
times greater than the transverse extension L 2 . The 
longitudinal extension Li defines a longitudinal axis A. This 
is parallel to the flow direction 21 of the combustion air 10. 

20 This means that the narrower side of the slot 16b is 

perpendicular to the flow direction 21 of the combustion air 
10, thereby significantly reducing the resistance experienced 
by the combustion air 10 on contact with the combustion gas SG. 
As the flow direction 21 is at an angle $ to the burner axis 12 

25 and the longitudinal axis A is parallel to the flow direction 

21, the longitudinal axis A is now also at an angle <() to the 
burner axis 12 . 

FIG 4 shows a schematic diagram of a longitudinal section of a 
30 slot-shaped inlet opening 16b shown in FIG 3 along the 
longitudinal axis A. The inlet opening 16b, which has a 
longitudinal extension L i# is incorporated in the outer duct 
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wall 15. The low-calorie combustion gas SG is injected from the 
gas distributor ring 17, in this diagram the chamber below the 
inlet opening 16b, through the inlet opening 16 into the premix 
air duct 2. It meets the air mass flow 10 there and mixes with 
5 it. The point in the chamber, where the first contact takes 
place between the combustion gas SG and the combustion air 10 
is also referred to as the stagnation point. In the arrangement 
shown, it is located upstream roughly at the end of the 
longitudinal extension Li, just above the inlet opening 16. The 
10 gradual mixing of the combustion gas SG with the combustion air 
10 starts from the stagnation point S and it continues 
downstream over the inlet opening 16b and possibly further. 

Figures 5, 6 and 7 show a schematic top view of three different 
15 embodiments of the inlet openings 16. The cross-section 18 in 
FIG 5 shows a slot 16b, in FIG 6 is shows a rectangle 16c with 
rounded corners 22 and in FIG 7 it shows a teardrop 16d. All 
three embodiments have a longitudinal extension Li and a 
transverse extension L»2, it being generally the case that the 
20 longitudinal extension Li is greater than the transverse 

extension L2. To prevent the formation of dead zones, in the 
case of the teardrop the acute angle is rounded. The teardrop 
then has two rounded areas with two rounding radii Ri and R2, 
where Ri > R 2 . 

25 

The injection device 13 for the low-calorie combustion gas SG 
can thus be tailored to the structural design, the number and 
arrangement of the inlet openings 16 of the respective 
deployment situation and requirements. This results in 
30 favorable geometric designs for the inlet openings 16 in each 
instance. 



